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In the title compound, 2[Co(C2N3)(N03)(Ci4Hi2N2)(H20)]- 
Ci4Hi2N2-2H20, the Co'' ion is coordinated by a bidentate 2,9- 
dimethyl-l,10-phenanthrohne (dmphen) ligand, a bidentate 
nitrate anion, a water molecule and a monodentate dicyan- 
amide group in a distorted octahedral geometry. One 
uncoordinated dmphen molecule is situated on a crystal- 
lographic twofold axis and the asymmetric unit is completed 
by one water molecule. In the crystal, molecules form a one- 
dimensional framework in the [001] direction through O — 
H- ■ N and O— H- ■ O hydrogen bonds. The crystal packing is 
further stabilized by jt-jt stacking interactions between the 
dmphen rings of neighboring molecules, with a centroid- 
centroid separation of 3.5641 (8) A and a partially overlapped 
arrangement of parallel dmphen rings with a distance of 
3.407 (2) A. 

Related literature 

For background to metal-phenanthrohne complexes, see: 
Naing et al. (1995); Wang et al. (1996); Wall et al. (1999). For 
related Co(II)-phenanthrohne structures, see: Ding et al. 
(2006); Xuan & Zhao (2007); Zhao et al. (2008). 
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Experimental 

Crystal data 

2[C0(C2N3)(N03)(Ci4Hi2N2)- 

(H20)]-Ci4Hi2N2-2H20 
M, = 1070.82 
Monoclinic, C2/^c 
a = 17.993 (6) A 
b = 11.770 (4) A 
c = 23.428 (7) A 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 
r„i„ = 0.781, r„„ = 0.917 

Refinement 

R[F^ > 2a(F^)] = 0.066 

wR{F^) = 0.196 

5 = 1.04 

4400 reflections 

328 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



^ = 106.981 (4}° 
V = 4745 (3) a' 
Z = 4 

Mo Ka radiation 
II = 0.77 mm"' 
T = 291 K 

0.34 X 0.18 X 0.11 mm 



17592 measured reflections 
4400 independent reflections 
2862 reflections with / > 2cr(/) 
Ri„. = 0.070 



36 restraints 

H-atom parameters constrained 
Ap„ax = 1-06 e A"^ 
Ap„i„ = -0.58 e A"' 



D-H-A 


D-H 


H- ■ -A 


D- - -A 


D-H---A 


04-H111'- ■ OS' 


0.85 


2.57 


3.111 (9) 


123 


04-H2W- ■ -N7 


0.85 


1.97 


2.810 (6) 


167 


05-H4W- ■ NS" 


0.85 


2.25 


2.830 (15) 


126 


Symmetry codes: (i) — .v 




hi; (ii) -.1-1-1, 


-y,-z+l- 





Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT: program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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Aqua(dicyanamido-/c7V^)(2,9-dimethyl-140-phenanthroline-/(:^A^^)(nitrato-A:^O,O0cobalt(II) 
dimethyl-l,10-phenaiithroline-water (2/1/2) 

F.-H. Cui and P.-Z. Zhao 
Comment 

Metal -phenanthro line complexes and their derivatives have attracted much attention because of their peculiar features (Wang 
et al, 1996; Wall et al, 1999; Naing et al, 1995). Some Co(II)-phenanthroline complexes have been synthesized and 
structures were determined (Ding et al., 2006; Xuan & Zhao, 2007; Zhao et al., 2008). Recently, we obtained the title 
cobalt(II) complex, by reacting 2,9-dimethyl-l,10-phenanthroline, NaN(CN)2 and Co(N03)2 in an ethanol/water mixture. 

The structure of the title compound, 2[Co(Ci4Hi2N2)N(CN)2N03H20]Ci4Hi2N2-2H20 is described below. 

Each Co^'^ ion is six-coordinated by two N atoms from a 2,9-dimethyl-l,10-phenanthroline ligand, two O atoms from a 
nitrate anion, one O atom from a water molecule and one N from a dicyanamide anion. The water and N3/C15/N4/C16/N5 

ligands occupy the axial positions, with a N3 — Col — 04 bond angle of 171.71 (16)°. The Co'^ ion locates in the center, and 
C0O3N3 unit forms a distorted octahedral geometry. The uncoordinated dmphen molecule is placed on a crystallographic 
twofold axis (Fig. 1). 

In the crystal structure, molecules are linked into a one-dimensional framework by O — H - N and O — H - O hydrogen 
bonds (Fig. 2). A partially overlapped arrangement of neighboring parallel ColA-dmphen and ColB-dmphen [symmetry 
code: (A) -x + l,y, -z + 1/2; (B) -x + 1, -j + 1, -z + 1] rings with distance of 3.4065 (20) A is observed. The shorter face-to- 
face separation clearly indicates the existence of ti-ti stacking between the dmphen rings. Uncoordinated N7A-dmphen and 
N7B-dmphen rings are also parallel with distance of 10.4286 (19) A. In addition, the distance between the ring centroids 
Cg (C4A-C7A/C11A/C12A) and Cg (C17A-C20A/C22A/N7A) is 3.5641 (8) A (Fig. 3). This value is close to the van der 
Waals thickness of the tc-tc stacking between nearly parallel dmphen (N7A-dmphen with ColA-dmphen and ColB-dmphen 
with N7B-dmphen) rings [dihedral angle: 3.4 (1)°]. 

Experimental 

NaN(CN)2 (0.0892 g, 1 mmol) was dissolved in distilled water (10 ml) and Co(N03)2.6H20 (0.1456 g, 0.5 mmol) was 
added. This solution was added to a solution of 2,9-dimethyl-l,10-phenanthroline hemihydrate (C14H12N2.O.5H2O, 0. 1088 
g, 0.5 mmol) in ethanol (10 ml). The mixture was stirred at 323 K and then refluxed for 5 h, cooled to room temperature 
and filtered. Pink single crystals appeared over a period of 8 days by slow evaporation at room temperature. 

Refinement 

Methyl H atoms were placed in calculated positions, with C — H = 0.96 A, and refined with free torsion angles to fit the 
electron density; {7iso(H) = 1.5J7eq(carrier C). The water H atoms were located in a differemce map and refined in the 
riding approximation in their as-found positions and (7iso(H) = 1.5(7eq(carrier O). Other H atoms were placed in calculated 
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positions, with C — H=0.93 A, and refined in the riding-model approximation with C/iso(H) = 1. 2 C/gq (carrier C). The final 
refinement was carried out with 36 restraints on anisotropic displacement parameters for atoms N4, C16, N5, C17, C18, 
CI 9, C20 and C21, in order to approximate an isotropic behaviour. 



Figures 



} 



Fig. 1. The molecular structure of the title compound, with 30% probability displacement el- 
lipsoids. [Symmetry code: (A) -x+l,y,-z+ 1/2]. 



Fig. 2. The hydrogen-bonding motifs in the crystal structure. Dashed lines indicate the hydro- 
gen bonds. 



Fig. 3. The n-n interaction between the dmphen rings of neighboring molecules in the crystal 
structure [Symmetry codes: (A) -x+ l,y,-z+ 1/2; (B) -x + 1, -j + 1, -z + 1; (C) x, -y + I, z + 
1/2]. 



Aqua(dicyanamido-KiV^(2,9-dimethyl-1,10-phenanthroline- K'^iV,iV')(nitrato-K'^0,0')cobalt(ll)- 2,9-diinethyl- 
1 ,1 0-phenanthroline-water (2/1 /2) 

Crystal data 

2[Co(C2N3)(NO3)(Ci4Hi2N2)(H2O)]-Ci4Hi2N2-2H2Of'(000) = 2208 

M, = 1070.82 = 1 .499 Mg m"^ 

Monoclinic, C2/c Mo Ka radiation, X = 0.71073 A 

Hall S5mibol: -C 2yc Cell parameters from 2628 reflections 

a = 17.993 (6) A 6 = 2.4-21.2° 

6 = 11.770 (4) A H = 0.77mm"l 

c = 23.428 (7) A 7=291 K 

13= 106.981 (4)° Block, pink 

K=4745 (3)A^ 0.34 X 0.18 X 0.11 mm 

Z = 4 



Data collection 

Bruker APEXII CCD area-detector , 

^ ^ 4400 mdependent reflections 

ditiractometer 
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Radiation source: fine-focus sealed tube 

graphite 

9 and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 

rmin = 0.781, rmax = 0.917 

17592 measured reflections 



2862 reflections with /> 2a(/) 



: = 25.5°, e„i„ = 2.4° 



/i = -21^21 

;i; = -13^14 
Z = -28^28 



Refinement 



Refinement on F 
Least-squares matrix: full 

R[F^ > 2o{F^)] = 0.066 

wRiF^) = 0.196 

5'= 1.04 

4400 reflections 
328 parameters 
36 restraints 
0 constraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[aVo^) + (0.1026P)^ + 4.8562P] 
where P = (Po^ + 2Pc^)/3 
(A/aW< 0.001 

Apmax= l-06e A"^ 

Apmin = -0.58eA"2 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


V 


z 


TJ- *ITJ 


Col 


0.42687 (4) 


0.19148 (5) 


0.38145 (3) 


0.0453 (3) 


01 


0.3472 (2) 


0.0602 (3) 


0.32847(17) 


0.0706 (10) 


02 


0.3720 (3) 


-0.1178(3) 


0.3477 (2) 


0.1070(17) 


03 


0.4528 (2) 


0.0107 (3) 


0.39358 (17) 


0.0648 (10) 


04 


0.4792 (3) 


0.1851 (3) 


0.31525 (17) 


0.0672(11) 


HIW 


0.4450 


0.1747 


0.2819 


0.101* 


H2W 


0.5124 


0.2344 


0.3124 


0.101* 


05 


0.5612(6) 


-0.0066 (7) 


0.2802 (4) 


0.233 (5) 


H3W 


0.5731 


0.0572 


0.2975 


0.350* 


H4W 


0.5602 


-0.0359 


0.3132 


0.350* 


Nl 


0.5202 (2) 


0.2867 (3) 


0.43700 (16) 


0.0443 (9) 


N2 


0.3892 (2) 


0.3599 (3) 


0.35623 (16) 


0.0434 (9) 


N3 


0.3653 (3) 


0.1776(4) 


0.4424 (2) 


0.0694(13) 


N4 


0.2925 (4) 


0.1214(6) 


0.5087 (3) 


0.114(2) 


N5 


0.3362 (7) 


0.1052 (7) 


0.6164 (4) 


0.172 (4) 


N6 


0.3906 (3) 


-0.0181 (4) 


0.3558 (2) 


0.0667 (12) 


N7 


0.5696 (2) 


0.3653 (4) 


0.29332(18) 


0.0534(10) 


CI 


0.5844 (3) 


0.2489 (5) 


0.4772 (2) 


0.0568 (13) 


C2 


0.6423 (3) 


0.3248 (7) 


0.5087 (3) 


0.0753 (18) 


H2 


0.6866 


0.2966 


0.5363 


0.090* 


C3 


0.6345 (3) 


0.4380 (6) 


0.4995 (3) 


0.0701 (16) 


H3 


0.6737 


0.4871 


0.5200 


0.084* 
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Atomic displacement parameters (A ) 
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A AOC 

U.Uoj (4j 


A A1/1 f1\ 

U.U34 {j ) 


A AO 1 /'/I \ 

U.Uol (4j 


A Al C 

0.01 J ) 


A AIT 

U.U3 / (3j 


A AAA 

U.uuy ) 




U.UOO (4J 


A AC/I /'Q^ 

U.Uj4 (3 J 


0.0 /O (4j 


A Al ^ 

0.010 (Jj 


A AT 1 /'Q^ 

O.OZ L yj) 


A AAO 

U.UUs (i ) 






A A/10 /"2^ 

0.04Z (ij 


A ACT /"2^ 


A AA/; /'0^ 

0.000 (zj 


A Al O /'0^ 

0.0 1 / (.^ J 


A AAO 

U.UUz (Z) 


i^l 1 


A AO /"J A 


U.U34 (Zj 


A AC A 

U.UjU (3 j 


A AAC /">\ 

U.UUj (Z j 


A ATI /">\ 

U.UZ3 (Z ) 


^U.UUoZ yly) 




A ACA 


A A/l 1 

0.U41 {5} 


A AO /'3\ 

O.ODZ J 


A AAA ^'~>\ 

— u.uuy (z ) 


A ATC 

O.OZj {Z ) 


A AAT /'>\ 
U.UU/ (^Zj 




A ATO 

U.U/o (4J 


A ATI 

0.0 /-5 (4J 


A AOQ ^A'\ 

0.0 /o (4J 


A Al T /'Q^ 

O.OIZ (3 J 


A AAT /'lA 

0.00 / {j) 


A AO 1 


/I 


A A/;i 
U.Uoi (h) 


A A/;/; 


A AO/l /'/l^ 

0.0 /4 (4J 


A AAO /"2"\ 

— O.OOz J 


A AAl /"2^ 

O.OOi (i J 


A AAl 


Ci J 


A ATQ //I A 

u.u /y (4j 


A A/1 C /"3\ 

U.U4j (3 ) 


A AOO /'/1\ 

u.uyo (4 ) 


A AAA /"3\ 

—U.uuy (3 J 


A A /I A 

U.U4y (4J 


A A 1 A 

^U.UIU [j } 




A 1 /;a //iA 


A AC 1 


U.1ZJ5 (p) 


A Al 0 i'A\ 

U.Olo (^4j 


A 1 A^ /A^ 


A Al S 

U.U1<5 ) 


Ci / 


U.Uj4 (4J 


A 1 "lA 
0.1 JO (o) 


O.Ooj {j ) 


A Al A ^A'\ 

—0.010 (4J 


A AOQ 

O.Ozo yj ) 


A Al 1 


o 


0.066 (4) 


0.145 (6) 


A AOO /'A\ 

0.066 (4) 


A A"? O /'^\ 

—0.036 (4) 


A AOO 

0.0Z6 (3) 


—0.032 (4) 


C19 


0.096 (5) 


0.118(5) 


0.106 (5) 


-0.066 (4) 


0.057 (4) 


-0.047 (4) 


C20 


0.114(5) 


0.072 (4) 


0.112(5) 


-0.040 (4) 


0.075 (4) 


-0.027 (3) 


C21 


0.152 (7) 


0.053 (3) 


0.139(7) 


-0.025 (4) 


0.085 (5) 


-0.023 (4) 


C22 


0.061 (3) 


0.046 (3) 


0.071 (3) 


-0.014 (2) 


0.043 (3) 


-0.012 (2) 


C23 


0.073 (5) 


0.174 (8) 


0.084 (5) 


0.046 (5) 


0.019(4) 


0.030 (5) 



Geometric parameters (A, °) 








Col— 04 


2.037 (4) 


C5— H5 


0.9300 


Col— N3 


2.053 (5) 


C6— C7 


1.425 (8) 


Col— Nl 


2.120(4) 


C6— H6 


0.9300 


Col— N2 


2.122(4) 


C7— C8 


1.397 (7) 


Col— 03 


2.180(4) 


C7— Cll 


1.405 (7) 


Col— 01 


2.224 (4) 


C8— C9 


1.350 (8) 


01— N6 


1.256 (6) 


C8— H8 


0.9300 


02— N6 


1.220 (5) 


C9— CIO 


1.408(7) 


03— N6 


1.253 (6) 


C9— H9 


0.9300 


04— HIW 


0.8501 


CIO— C14 


1.491 (7) 


04— H2W 


0.8500 


Cll— C12 


1.425 (7) 


05— H3W 


0.8500 


C13— H13A 


0.9600 


05— H4W 


0.8501 


C13— H13B 


0.9600 


Nl— CI 


1.336 (6) 


C13— H13C 


0.9600 


Nl— C12 


1.371 (6) 


C14— H14A 


0.9600 


N2— CIO 


1.325 (6) 


C14— HUB 


0.9600 


N2— Cll 


1.366 (6) 


C14— H14C 


0.9600 


N3— C15 


1.126 (7) 


C17— C18 


1.398 (10) 
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JN4 — ClO 


1 T C/i / 1 1 \ 

l.ZDO (11) 


C 1 / — C2 J 


1 Anc /1 1 \ 
1.4/0 (llj 


IN^f V_-l J 


L.Z /O \0 ) 


PIS P1Q 


1 -5-50 /I 1 \ 


N5 — C16 


1.172 (11) 


C18 — H18 


0.9300 


N7— C17 


1.336 (7) 


C19— C20 


1.410(11) 


N7— C22 


1.344 (7) 


C19— H19 


0.9300 


CI— C2 


1.406(8) 


C20— C22 


1.411 (8) 


CI— C13 


1.499 (8) 


C20— C21 


1.427 (10) 


C2— C3 


1.349 (9) 


C21 — C21' 


1.314 (17) 


C2— H2 


0.9300 


C21— H21 


0.9300 


C3— C4 


1.419 (8) 


C22 — C22' 


1.455 (11) 


C3 — H3 


0.9300 


C23 — H23A 


0.9600 


C4 — C12 


1.398 (7) 


C23 — H23B 


0.9600 


C4 — C5 


1.426 (8) 


C23 — H23C 


0.9600 


C5 — C6 


1.337 (9) 






U4 — Co 1 — JN J 


1/1. /I (loj 


r^n r^o t~^n 

cy — Co — c / 


1 OA O /'C\ 

1/U.o (D ) 


U4 — L-0 i — iN i 


Qi /"I 
yi.j / vb) 


r^Q r^Q TjQ 
cy — Co — ^Ho 


iiy.o 


ssi — L-Oi — JN i 




r^i r^Q xjo 
C / — Co — ^Ho 


iiy.o 


VA — Col — iNz 


HA in ^ \ A\ 

yo.iy (14) 


/^O /^A 1 A 

C6 — cy — c 1 0 


1 1 A O i ^\ 

iiy.8 (D) 


~KTi ^^^^ ~KTi 
S\i — Col — iNz 


CiA / 1 n\ 

yA.ll (1 /) 


/^O /^A TUA 

Co — cy — ^Hy 


1 OA 1 

IzU. 1 


JN 1 — Col — JNz 


/o.ys (14) 


1 A A XJA 

CIO — cy — Hy 


1 OA 1 

IzU. 1 


Col — Vi 


60. zj (14) 


JN/ — CIO — cy 


1 O 1 o /c\ 

1/1./ (D) 


JNJ — Col — Vi 


88.30 (1 /) 


TVTT 1 A A 

JN/ — CIO — C14 


1 1 O 1 i A\ 

116.1 (4) 


"\Ti r^^i /"^"J 
JN 1 — Col — Ui 


1 An CO 1 c\ 
luy.jS (1 


r^n 1 A 1 y1 

cy — ClU — C14 


1 OA n fz\ 
1/U. / (DJ 


JNz — Col — Vi 


1 nn o 1 /I c\ 
1 /U.81 (ID) 


MO /^1 1 /^T 

JNz — Cll — C/ 


1 OO A ^A\ 

1 11 A (4) 


VA — Col — (Jl 


OC 11 /I ^\ 

«j. 13 (lo) 


MO 1 1 1 O 

JNz — Cll — Clz 


I 1 O A t A\ 

II /.y (4) 


JNj — Col — (Jl 


o/; /;n / 1 n\ 

so.oy (1 /) 


/^T 1 1 1 O 

C/ — Cll — Clz 


1 1 A O t A\ 

uy. / (4) 


JN 1 — Co 1 — V 1 


1 iCT /I C /"I C\ 

10/.4D (ID) 


Ml 1 O t~^A 

JN 1 — CI z — C4 


1 Ol 1 /'C\ 

lz3.1 (D) 


JNz — Col — Ul 


1 1 "I ^ n ^^ A\ 
11 j.lU (14) 


XT1 /^1 O /^1 1 

JN 1 — Clz — Cll 


I 1 O C t A\ 

II /.D (4) 


Vi — Col — Ul 


CO 1 O /I A\ 

Do. 16 (14) 


f^A /^10 /^11 

C^l — C 1 z — C 1 1 


1 1 A T /'C\ 

iiy.3 (D) 


JNO — (Jl — Col 


ni T /i\ 

91.2 (3) 


CI — C13 — H13A 


1 AA C 

luy.D 


XTiC 1 

JN 0 — Vi — Co 1 


y3.4 (3) 


CI — C13 — HlirJ 


1 AA C 

luy.D 


Col — (J4 — HI W 


1 AA a 

luy.o 


XJl "3 A 1 XJl IXD 

HI jA — C13 — H13d 


1 AA C 

luy.D 


Co 1 — VA HZ W 


1 O 1 A 

izi.y 


1 /^IT XJII/^ 

CI — C13 — H13C 


1 AA C 

luy.D 


H 1 W — (J4 Hz W 


1 1 1 T 
lll.Z 


XI11A /^11 XJIT/^ 

H 1 3 A — C 1 3 — H 1 3C 


1 AA C 

luy.D 


HiW — (JD — H4W 


OA O 

sy.o 


XJl "iXD /^ll XJl "5/^ 

H1313 — C13 — H13C 


1 AA C 

luy.D 


CI — JN 1 — ClZ 


1 1 o /; ^ A \ 
118.0 (4) 


/^1A A XJ1/1A 

CIO — C14 — H14A 


1 AA C 

luy.D 


CI — JN 1 — Col 


1 1 o /; /I \ 
1/6.0 (3) 


/^1A /^1/1 XJ1/1ID 

ClU — C14 — H14h5 


1 AA C 

luy.D 


/"'IT Ml 

ClZ — JN 1 — Col 


1 1 T O i1\ 

llz.6 (3) 


XJ1/1A f~^^ A XJI/IID 

H14A — C14 H14r5 


1 AA C 

luy.D 


ClU — JNz — CI 1 


1 1 A O 

1 ly.z (4j 


ClU — C14 — H14C 


1 AO C 

luy.D 


ClU — JNz — Col 


1 1 0 1 
1/6.1 (3) 


XJI^A A XJ1/1/^ 

H14A — C14 H14C 


1 AA C 

luy.D 


XTT 

CI 1 — JNz — Col 


111 O /TA 

11/.6 (3) 


XJI/IID A XJl 

H14r5 — C14 H14C 


1 AA C 

luy.D 


CI J — JN J — Col 


1 iCA C /'C\ 

loy.D (D) 


XTI 1 C M/1 

JN3 — CID — JN4 


1 /3.0 (o) 


Clo — N4 — C15 


1 A ^o\ 
IZZA (8) 


TVTC 1 M/1 

Nd — C16 — N4 


1 OO ■? /"I A\ 

172.3 (10) 


02— N6— 03 


121.2 (5) 


N7— C17— C18 


120.5 (7) 


02— N6— 01 


121.6 (5) 


N7— C17— C23 


118.3 (7) 


03— N6— 01 


117.1 (4) 


C18— C17— C23 


121.2(7) 


C17— N7— C22 


119.3 (5) 


C19— C18— C17 


120.9 (7) 


Nl— CI— C2 


120.9 (5) 


C19— C18— H18 


119.6 



sup-6 



supplementary materials 



Nl— Cl— C13 118.5(5) 

C2— CI— C13 120.6(5) 

C3— C2— Cl 121.1 (6) 

C3— C2— H2 119.4 

Cl— C2— H2 119.4 

C2— C3— C4 119.4(5) 

C2— C3— H3 120.3 

C4— C3— H3 120.3 

C12— C4— C3 116.8 (5) 

C12— C4— C5 119.8(5) 

C3— C4— C5 123.4 (5) 

C6— C5— C4 120.8 (5) 

C6— C5— H5 119.6 

C4— C5— H5 119.6 

C5— C6— C7 121.3(5) 

C5— C6— H6 119.4 

C7— C6— H6 119.4 

C8— C7— Cll 116.7(5) 

C8— C7— C6 124.2 (5) 

Cll— C7— C6 119.1(5) 

04— Col— 01— N6 90.4 (3) 

N3— Col— 01— N6 -88.2 (3) 

Nl— Col— 01— N6 15.2 (8) 

N2— Col— Ol— N6 178.5 (3) 

03— Col— 01— N6 1.8 (3) 

04— Col— 03— N6 -88.4(3) 
N3— Col— 03— N6 85.3 (3) 
Nl— Col— 03— N6 -178.8 (3) 
01— Col— 03— N6 -1.8 (3) 
04— Col— Nl— Cl -90.8(4) 
N3— Col— Nl— Cl 86.1(4) 
N2— Col— Nl— Cl 179.3 (4) 

03— Col— Nl— Cl -4.3 (4) 
01— Col— Nl— Cl -16.3 (9) 

04— Col— Nl— C12 87.9 (3) 
N3— Col— Nl— C12 -95.2 (3) 
N2— Col— Nl— C12 -2.0 (3) 

03— Col— Nl— C12 174.4(3) 
Ol— Col— Nl— C12 162.4(6) 

04— Col— N2— CIO 88.7 (4) 
N3— Col— N2— CIO -84.3 (4) 
Nl— Col— N2— CIO -179.8(4) 
Ol— Col— N2— CIO 3.9 (4) 
04— Col— N2— Cll -89.4(3) 
N3— Col— N2— Cll 97.5 (3) 
Nl— Col— N2— Cll 2.1(3) 
01— Col— N2— Cll -174.2 (3) 
Nl— Col— N3— C15 -113 (3) 



C17— C18— H18 119.6 

C18— C19— C20 120.3 (7) 

C18— C19— H19 119.8 

C20— C19— H19 119.8 

C19— C20— C22 115.8(7) 

C19— C20— C21 124.5 (7) 

C22— C20— C21 119.7 (7) 

C21'— C21— C20 121.6 (4) 

C21'— C21— H21 119.2 

C20— C21— H21 119.2 

N7— C22— C20 123.2 (6) 

N7— C22— C22' 118.2(3) 

C20— C22— C22' 118.7 (4) 

C17— C23— H23A 109.5 

C17— C23— H23B 109.5 

H23A— C23— H23B 109.5 

C17— C23— H23C 109.5 

H23A— C23— H23C 109.5 

H23B— C23— H23C 109.5 

C5— C6— C7— C8 179.8 (5) 

C5— C6— C7— Cll 0.5(8) 

Cll— C7— C8— C9 -0.1 (8) 

C6— C7— C8— C9 -179.5 (5) 

C7— C8— C9— CIO 0.5 (8) 

Cll— N2— CIO— C9 0.6(7) 

Col— N2— CIO— C9 -177.4(4) 

Cll— N2— CIO— C14 -179.6(4) 

Col— N2— CIO— C14 2.4(7) 

C8— C9— CIO— N2 -0.8 (8) 

C8— C9— CIO— C14 179.3 (5) 

CIO— N2— Cll— C7 -0.1 (6) 

Col— N2— Cll— C7 178.2 (3) 

CIO— N2— Cll— C12 179.8(4) 

Col— N2— Cll— C12 -1.9(5) 

C8— C7— Cll— N2 -0.1 (7) 

C6— C7— Cll— N2 179.3 (4) 

C8— C7— Cll— C12 180.0(4) 

C6— C7— C 1 1 — C 1 2 -0.6 (7) 

Cl— Nl— C12— C4 0.4 (7) 

Col— Nl— C12— C4 -178.4(4) 

Cl— Nl— C12— Cll -179.5(4) 

Col— Nl— C12— Cll 1.7(5) 

C3— C4— C12— Nl 1.1 (7) 

C5— C4— C 1 2— N 1 - 1 79 . 5 (4) 

C3— C4— C12— Cll -179.0(4) 

C5— C4— C12— Cll 0.4(7) 

N2— Cll— C12— Nl 0.2 (6) 
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XT'! i^^l ATI z 


167 (3) 


C / — Cll — C12 — JN 1 


—V /y.y (4) 


U J — Co 1 — JN J — C 1 J 


-4(3) 


JNz — C 1 1 — C Iz — C4 


—1 /y. / (4j 


U 1 — Co 1 — JN 3 — C 1 J 


55 (3) 


C / — C 1 1 — C 1 z — C4 


U.z (oj 


CO 1 — U J — JN o — Uz 




Czz — JN / — CI / — Clo 


1.8 (8) 


l^O 1 KJJ IN 0 \J i 






i /o. i J J 


Col— 01— N6 — 02 


174.5 (5) 


N7— C17— C18— C19 


0.8 (10) 


Col— 01— N6— 03 


-3.0(5) 


C23— C17— C18— C19 


-179.3 (6) 


C12— Nl— CI— C2 


-1.2(7) 


C17— C18— C19— C20 


-2.9(11) 


Col— Nl— CI— C2 


177.4 (4) 


CIS— C19— C20— C22 


2.4(10) 


C12— Nl— CI— C13 


178.9 (4) 


C18— C19— C20— C21 


-179.6 (7) 


Col— Nl— CI— C13 


-2.5 (7) 


C19— C20— C21— C21' 


179.3 (9) 


Nl— CI— C2— C3 


0.4 (9) 


C22— C20— C2 1— C2 1 ' 


-2.8 (14) 


C13— CI— C2— C3 


-179.8 (6) 


C17— N7— C22— C20 


-2.2 (7) 


CI— C2— C3— C4 


1.2(9) 


C17— N7— C22— C22' 


177.2 (5) 


C2— C3— C4— C12 


-1.9 (8) 


C19— C20— C22— N7 


0.1 (8) 


C2— C3— C4— C5 


178.8 (5) 


C21— C20— C22— N7 


-177.9 (6) 


C12— C4— C5— C6 


-0.5 (8) 


C19— C20— C22— C22' 


-179.3 (6) 


C3— C4— C5— C6 


178.8 (5) 


C2 1— C20— C22— C22' 


2.6(9) 


C4— C5— C6— C7 


0.1 (9) 







Symmetry codes: (i) -x+\,y, -z+\ll. 



Hydrogen-bond geometry (A, °) 



D—R-A D—R 

04— HlW-05' 0.85 

04— H2W-N7 0.85 

05— H3W-04 0.85 

05— H4W-N5" 0.85 



Symmetry codes: (i) -x+\,y, -z+1/2; (ii) -x+\,-y, -z+1. 



R-A D-A D—R-A 

2.57 3.111 (9) 123. 

1.97 2.810 (6) 167. 

2.39 2.941 (11) 123. 

2.25 2.830(15) 126. 
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